where the film/substrate mismatch for MgO, PMN-PT, STO, LAO, and LSAO substrates are 0  = 8.9%, 4.0%, 0.9%, -2.1% and -2.9%, respectively. As expected, the LSMO (002) peak apparently shifts to a lower angle from MgO to LSAO, reflecting that the in-plane strain state changes from tensile to compressive gradually.
Clear fringes with Δ2θ ≈ 0.45° around (002) peak of 50 u.c. thick LSMO in Fig. S1d suggests that the thickness of the high-quality film is around 19.6 nm, consistent with the designed value. While the absence of fringes in the 125 u.c. samples can be understood that Δ2θ ≈ 0.15° of fringes in these samples are too small to be distinguished by our weak x-ray light source.
3 Figure S1 . a, RHEED intensity oscillations (main) and pattern (inset) of LSMO grown on TiO 2 -terminated STO substrate. b, The morphology of LSMO on 
Magnetization and conductivity of LSMO films
To investigate the strain effect on the magnetic and transport properties of LSMO, the temperature dependent magnetization and resistivity of films are shown in Fig. S3 .
Remarkably, both tensile and compressive strains clearly reduces the magnetization, Curie temperature T C and enhances resistivity in LSMO films with ultrathin thicknesses, such as 5 and 15 u.c.. The T C recovers close to the bulk value as the thickness of LSMO increases to 125 u.c., accompanied by the transition from semiconducting to metallic conduction characteristics, in contrast to the metallic behavior and robust ferromagnetism only for the 15 u.c. films grown on STO. Such thickness dependence is consistent to previous publications, but its origin is still a puzzling and is the main exploration in the main text. 
Details of XLD simulation
The intensity of XAS and XLD is the sum of contribution from every MnO 2 slab weighted by the exponential decay function (Fig. S5a) , ascribed to the limited mean free path of the secondary electrons that generate the TEY signal S2,S3 . It is noted that the signal of XAS and XLD is mainly determined by the MnO 2 slab layers near the surface. In spite of the strain relaxation, we assume that the orbit ordering is same for the bulk (i >1). The contribution of each MnO 2 slab layer to the intensity of XLD is shown in Fig. S5b , where the occupation of surface P S = P S (3z 
